Introduction
As a clean and renewable energy source, ethanol fuel has been drawing global interest in recent years. One of the reasons is its contribution to greenhouse gas reduction, because ethanol derived from fermentation is considered to be carbon-neutral [1] .
The major feedstocks for global ethanol production are sugar cane (Brasil) and corn grain (USA) [2] . A dramatic increase in ethanol production using the current sugarcane-and corn-based technology may not be sustainable, because the corn and sugar cane grown for ethanol will compete with the limited agricultural land necessary for food and feed production. Therefore, ethanol production from renewable resources, especially organic waste, is expected to be one of the ideal alternatives. Fig. 1 Pre-treatment of the ethanol fermentation medium derived from kitchen refuse.
Medium preparation
The culture media listed below were used in this study. Kitchen refuse-ethanol production medium (KREPM) :
this medium was only composed of saccharified kitchen refuse with a glucose concentration ranging from 100 to 300 g/L. The effects of nitrogen supplementation on ethanol production was examined by adding 2 g/L yeast 3. Results
Comparison of ethanol production
The results for ethanol production from kitchen refuse medium and synthetic medium by the four strains of S.
cerevisiae is summarized in Table 1 The effects of nitrogen source supplementation to kitchen refuse on ethanol production by S ceyevisiae ATCC 26602 were examined and the results are summarized in Moreover, when the ethanol yield (Yp/s) was calculated, Table 3 Effects of nitrogen sources on ethanol production from saccharified kitchen refuse by S. cerevisiae ATCC 26602.
The control culture was grown without supplementing complex nitrogen sources. The initial glucose concentration of the kitchen refuse medium was 118.54 g/L. The results are the average of three experiments.
Yp/s =
Mass of ethanol formed
Mass of glucose consumed Table 4 Effects of glucose concentration on ethanol production from saccharified kitchen refuse by S. cerevisiae ATCC 26602.
The results are the average of three experiments.
Yp/s = 
Discussion
With the aim of lowering the production cost of ethanol, the feasibility of a less expensive kitchen refuse medium for pre-cultivation and fermentation was investigated.
Only glucoamylase was used for saccharification, because main component of carbohydrate group in kitchen refuse are starch. No contamination or microbial growth was observed during saccharification. Lower pH due to lactic acid assimilation during storage and transportation, and higher temperature for saccharification might be the reason for suppression. In the case of pre-cultivation, although a large quantity of yeast inoculum (6.5% v/v) was added to the batch culture, the yeast strains grew well in both SPM and KRPM medium. In KRPM medium, no arti-ficial glucose was used, and the amoun of ye e
The best yeast strain of the four ATCC strains for highly efficient ethanol production from kitchen refuse was selected. The type of yeast adopted in the fermentation process must be carefully selected to match the type of raw material, since the fermentation efficacy of the yeast depends on various physicochemical parameters of the substrate [10] . Therefore, acid tolerance was one of the most important factors in the selection of the best yeast strain in this work. Lactic acid was found to initially contaminate kitchen refuse during preservation, resulting in a low initial pH, around 3-5, of the saccharified kitchen refuse liquor [11] . We finally selected S. cerevisiae ATCC 26602, because of its high and stable ethanol production performance from acidic saccharified kitchen refuse. In addition, this yeast strain showed self-flocculating characteristics in kitchen refuse medium, a trait favorable to the increase of fermentation productivity.
Several compounds in the form of free amino nitrogen, such as proteins, amino acids and vitamins, were supplied to improve ethanol tolerance and boost the final ethanol concentration [12, 13] . Normally, in industrial ethanol fermentation, (NH4) 2SO4, urea and yeast extract are supplemented as stimulative factors of yeast cell accumulation [14] . Conversely, the results shown in Table 3 indicate that it was not necessary to add other nutrients to the saccharified kitchen refuse solution to increase ethanol production. A similar phenomenon was also found when cheese whey powder (CWP) was utilized for ethanol production [15] . As can be seen in Table 4 , the ethanol concentration, productivity, theoretical yields and sugar consumption values decreased as the sugar concentration of the kitchen refuse reached above 200 g/L. Identical results were obtained when ethanol fermentation from beet molasses [18] and soy bean pulp hemi cellulose was conducted [19] . Increasing sugar concentration resulted in a reduction of the total ethanol production. This reduction might have several causes, including the production of compounds other than ethanol, such as glycerol, acetic acid and C02.
Also, it is possible that the compounds released in the medium consequently caused microbial stress. In addition, substrate inhibition or high osmotic pressure exerted by the concentrated sugar medium could also have caused slow cell proliferation [20] . These hypotheses are consistent with the biomass data.
The high efficiency and excellence of kitchen refuse as a substrate for ethanol production by S. cerevisiae was confirmed in this study. Non-sterilized saccharified kitchen refuse could be directly used for ethanol fermentation by S. cerevisiae ATCC 26602, without subsequent contamination or deterioration of ethanol productivity. This may be due to the large amount of yeast inoculum (6.5% v/v) applied to our batch culture. The acidity of the saccharified kitchen refuse medium also prevented contamination.
Neelakantam et al. (2005) have reported that lowering the pH of the mash to 4.0 or less is one of the practices routinely followed to control bacteria contamination in fuel ethanol plants.
Extensive research on non-sterilized ethanol fermentation from renewable resources such as sweet sorghum [21] , beet molasses [22] and cane molasses [23] has been intensively pursued in view of reducing the ethanol production cost. About 30-40% of the processing energy consumption can be saved by employing non-sterilized fermentation [24] . Kitchen refuse is one of the best substrates for ethanol fermentation, because it is economically feasible and available throughout the year without competing with human food or animal feed.
Conclusion
The excellent properties of kitchen refuse as a substrate 
